Malformations of the maxillary incisors, diagnosed as dental dysplasia, were observed as a spontaneous background lesion in 3% (females) to 9% (males) of CD-1&reg; mice and 14.5% (females) to 10.5% (males) of CD@ (Sprague-Dawley) rats in a chronic inhalation study. Lesions were reported grossly as overgrown, maloccluded, or malformed incisors. Microscopic findings included tooth pulp and periodontal abscesses, fractured and necrotic teeth, periodontal cysts, malformations of the incisor roots, and expansile masses, including odontomas, of the incisor roots. Development of lesions followed a pattern of tooth pulp necrosis and/or traumatic disruption of the epithelial root sheath at the base of the tooth. Feeding a powdered ration, which reduced the normal wearing of the incisors, and repeated clipping of overgrown incisors were believed to contribute to the incidence of disease.
INTRODUCTION
In common with several other laboratory species, such as guinea pigs, rabbits, and hamsters, the incisors of rats and mice are hypsodont or complex teeth with a pattern of continuous growth and eruption throughout the animals' lifetime (1, 31 ) . Mal- occlusions and resultant overgrown incisors are commonly recognized gross findings, and dental disease of the maxillary incisors is a frequently observed microscopic entity in studies in which the nasal cavities are routinely evaluated. Nevertheless, there is little in the literature discussing the incidence, pathogenesis, or husbandry factors that may contribute to rodent incisor dysplasia. Occasional references cite dental disease as a complicating factor in inhalation toxicology studies because of its association with rhinitis (24) . A few papers have described proliferative lesions (odontomas or ameloblastomas) of the incisors in rodents as rare spontaneous neoplasms (5, 8, 22, 27) or as hamartomas in inbred (32) or genetically altered (14) rodents. Dental tumors can be induced by treatment with carcinogenic (3, 7, 9, 10) or mitogenic (26) agents, by radiation (6) , by dietary imbalances (23, 28) , and by viruses (12, 15) . The possibility that chronic dental disease in a significant number of animals may result in stress, unthriftiness, and a general shortening of survival times for animals in chronic toxicology/oncogenicity studies has rarely been considered or addressed.
The purpose of this paper is to encourage recognition of dental lesions and awareness of their significance in toxicology studies and to propose terminology for their diagnosis. A chronic inhalation study using rats and mice is described, in which lesions of the maxillary incisors, diagnosed as dental dysplasia (DD), were common background findings. (2) . Odontoblasts then mineralize the matrix from the periphery inward with hydroxyapatite crystals (2, 29) (Fig. 3) . The odontoblastic cytoplasmic processes, called dentinal fibers, remain, along with sensory nerve endings, within the dentin as long as the odontoblasts survive ( 1, 2, 4) . In simple teeth, the odontoblasts survive for the life of a healthy tooth, but in rodent incisors, which continuously erupt, there must be a physiologic closure of the pulp cavity at the coronal aspect of the tooth. This occurs as odontoblasts continuously add dentin to the inner surface of the pulp cavity, until, in the coronal region of the tooth, they gradually become so crowded that the pulp vessels are compressed, and the live elements of the pulp deteriorate from hypoxia (1) . The (4, 11) .
For the rodent incisor, the process of continuous growth originates at the base of the tooth. An increase in cellularity due to an increased mitotic rate is observed in the mesenchyme of the dental papilla most closely in apposition with the epithelial root sheath (Fig. 4) 
Microscopic Findings
The tissues reviewed for this study consisted of 4 serial sections of the decalcified nasal cavities, trimmed according to the technique described by Young (36) (Fig. 5) . Cross-sections of the maxillary incisors appeared in section Levels 1 and 2 (Fig. 6a,  b) . In a few animals, with gross lesions of the face, a fifth section of the anterior nasal cavities in the region of the nares was also examined.
A cross-section of a normal incisor, (Fig. 7) .
All of the animals diagnosed with DD had abnormalities of the pulp cavity of the tooth in the Level 1 sections. The most common abnormality was a premature closure of the pulp cavity with loss of the blood vessels and odontoblasts and mineralization of the central core of the tooth (Fig. 8) . In some animals, the pulp cavity was necrotic and contained inflammatory cells, fibrous connective tissue, or a fatty material resembling atrophic bone marrow. Erosions and perforations of the dentin wall were evident in the more severe cases (Fig. 9) . In several animals, more often in rats than in mice, there was purulent exudate intermixed with food debris within the tooth, indicating a perforation of the pulp cavity. The enamel organ was generally lost or atrophic in affected teeth, suggesting damage to the external blood supply of the tooth, as well.
While pulp cavity lesions were common in both species, the diagnosis of DD was applied only to animals with malformations of the incisor base in the Level 2 sections. DD lesions were characterized by loss or displacement of recognizable odontoblasts and ameloblasts, loss of the pulp cavity, and abnormal deposits of mineralized dental material, in which dentin, cementum, and osteoid from the al- veolar bone were all possible constituents. In some animals, dysplastic dental material formed large solid masses adjacent to the normal tooth position.
While contributions from the ameloblasts could usually be identified due to a more basophilic staining, dentin, cementum, and osteoid could not always be readily distinguished from each other. Occasional cells within lacunae were present in the dysplastic material, but cementoblasts, as well as osteoblasts, are capable of secreting matrix material (cellular cementum) from within lacunae (Fig. 10) . Periodontal abscesses, some with perforation into the nasal cavities and severe rhinitis, were observed in association with the dental masses (Fig. 11 ). Two mice with such perforations had large inflammatory polyps of the nasal mucosa developing over dysplastic dental material. The polyps, whose mesenchymal stalks resembled granulation tissue, extended into the posterior nasal cavities, filling the airways around the nasal turbinates (Fig. 12) .
In some animals with DD, a distorted remnant of the dental papilla mesenchyme was still evident at the base of the tooth, but tears and malformations of the epithelial root sheath were also apparent (Fig.  13) . Deposits of dysplastic dental material, some recognizable as normal tooth components, including enamel organ/enamel or odontoblasts/dentin, were often embedded within the mesenchyme. In the most dramatic of the latter lesions, as many as a dozen supernumerary malformed teeth could be counted within the mesenchyme of dysplastic incisors (Fig. 14) . Such lesions were consistent with the traditional definitions of complex or compound odontomas. In several animals with DD, no epithelial root sheath could be recognized, but the area at the base of the dysplastic mass contained multiple periodontal cysts. Some cysts were lined by thin flattened epithelium (Fig. 15) DD lesions in rats were generally limited to the area of the maxillary bone and were not perceived as gross lesions, although periodontal abscesses sometimes caused perforation of the nasal mucosa and severe rhinitis. Lesions in mice, because of the limited space of the maxilla, often resulted in expansile masses that bulged into and partially obstructed the nasal airways. The largest lesion found in a mouse measured 4 x 5 mm and was reported grossly as a bone neoplasm. Table I shows the incidence of microscopic dental lesions reported in this study. A few lesions, such as periodontal or pulp cavity abscesses and fractured teeth, may be underreported, as they were not always diagnosed separately when they occurred in conjunction with DD. The diagnosis of periodontitis reflects all cases of maxillary teeth inflammation, including lesions of the molar teeth.
As already mentioned, in the animals examined in this study, the development of malformations followed a pattern of damage to the blood supply of the pulp cavity. In some animals, particularly those with a history of repetitive clipping of overgrown incisors, many lesions were directly related to inflammation resulting from perforation of the pulp cavity during tooth clipping. Animal handlers reported that it was difhcult to cut teeth accurately, due to the animals' struggling, and that the brittle dental tissues often cracked or splintered even when cut at the correct level, resulting in bleeding from the exposed pulp. Contamination of the pulp cavity with food and bacteria predisposed the animals to pulp abscesses. (13, 17, 30) . Because the majority of dental tumors, particularly in animals, are not malignant, the distinction between neoplasms and developmental malformations is not always clear.
For purposes of accurate toxicology data, it is critical that the dysplastic nature of rodent incisor lesions be recognized. Both the terms hamartoma, describing a &dquo;tumor-like malformation,&dquo; and odontoma, defined by Moulton (25) as &dquo;a nonneoplastic malformation with a mixture of enamel, dentin, and cementum,&dquo; could be applied to the expansile masses found in this study, in which recognizable tooth components were present. However, &dquo;odontoma&dquo; has been used by some in association with a neoplastic process (27, 34, 35) 
